Introduction
Fiber-optic Fabry-Perot interferometer (FFPI) sensor systems are widely applied in many fields such as industries [1~3] and bio-sensors [4] . The objective of this paper was to design and fabricate a low-cost sensor system with a low-cost light emitting diode (LED) light source. The system was designed to perform as the same functions as a sensor system with a laser light source. Using super-luminescent diode (SLD) [5] , edge emitting LED, or laser diode, the optical power is large enough, but the system cost is still high. In order to reduce the system cost, we study the possibility with low-cost communication 850nm LED light source. A dual FFPI sensor system with a low-coherence communication-system LED as a light source is investigated to detect temperature variation signals. In this system, there are two FFPI's: the sensing FFPI and the reference FFPI. When the perturbation of interest, such as temperature, disturbs the sensing FFPI to produce a phase shift, the light reflected from the sensor is demodulated by the reference FFPI to extract the measurand. The low-power (sub-nW) optical signal is converted to an electrical signal and processed by a designed optical receiver.
Theory of a Dual FFPI
The work theorem of a single FFPI [6] was well-know. However, that of a dual FFPI sensor was not explored. Until 1991, it with SLD light source was investigated [5] . However, the LED stability with long-term operation was not considered and this light source was not cheap. Here, a feedback control circuit to the LED driver compensating the output optical power deviation to maintain the constant output optical power is designed, seen in Fig. 1 . After calculation, the power reflected from the reference FFPI is
where the constant a is related to the light source spectral width ∆ν by
with ∆ν the full-width at half-maximum power density of the source spectrum and ν o the center frequency of that spectrum. ∆L o is the optical path length mismatch between reference FFPI and sensing FFPI. Similarly, the transmitted power from the reference FFPI P Tr can be represented as
Experimental Arrangement
First of all, the 12mm internal-mirror FFPI's need to be fabricated to obtain the suitable reflectances. The sensing FFPI is put on a thermoelectric cooler (TEC). Two TECs are employed in this sensor system. One of the TECs at sensing FFPI is recognized as the temperature heater or cooler. However, the other at the reference FFPI is treated as an optical path-length change compensator to maintain the system operating point at the optimal point. In order to verify the surface temperature of the TEC, a K-type thermoresistor is also placed on the top side of the TEC. The variation data of the thermoresistors at the sensing and reference FFPIs are also recorded into the controlled computer system.
Measurement Results and Discussion
According to eq. (3), the phase change in the sensor FFPI can be a function of temperature. The perturbation of interest is temperature and ∆φ T can be represented as The result of heating the shorter FFPI is shown in Fig. 2 . In this case, the LED was operated continuously and transmitted optical output from the reference FFPI was plotted as a function of temperature. The visibility of a fringe is reduced to half its maximum value when the thermally induced length mismatch reaches about 5 µm. The fringe visibility for this sensor was observed to decrease with increasing temperature, indicating an increase in the magnitude of the optical cavity length difference between the two FFPIs. A value for the optical cavity length difference ∆L o of 8.45 µm at 20 o C was determined from the observed sensing FFPI temperature of 85 o C at which a maximum in fringe visibility was observed. The dependence of phase change on temperature for this sensor over the range from 46 to 126 o C is plotted in Fig. 3 . Each point, in this plot, corresponds to a 2π phase shift (one fringe). The optical phase change per unit temperature is almost constant over this temperature range, with a value of 1.97 rad/ o C. The relative phase shift with temperature ∆φ/φ∆T is 7.6 x 10 -6 / o C, which is close to the value 7.8 x 10 -6 / o C determined for a single FFPI sensor with 1.3 µm single-mode fibers, a cavity length of a single FFPI of 15 mm, and a 1.3 µm laser light source [7] . This is consistent with the prediction that the dual FFPI sensor with a low-cost light source should show the same interferometric behavior as a single FFPI with a laser source.
Conclusions
A novel technique to make an intrinsic fiber-optic sensor with an optical path length much greater than the coherence length of the LED light source has been demonstrated. The sensor makes use of two Fabry-Perot interferometers (FFPI's): a sensor FFPI which modulates the spectrum of the LED emission and a reference FFPI which demodulates it. The more important characteristics of the key components in this sensor system were investigated. Analytical and experimental results have been presented in Table 1. In the future, this dual FFPI with MEMS technology can be employed into bio-sensor to balance the operating point in brain therapy, seen in Fig. 4 , due to damaged brain temperature change. The dual FFPI not only provides this benefit in medical engineering, but can be applied into the assistance of car engine design through the adequate combustion control in temperature and pressure detection. In this project, we approve that the dual FFPI with low-cost LED as a temperature sensor is workable. Fig. 4 Bio-sensor with interfering spectrum shifted under immersing in gold-anti-rabbit IgG solution [4] .
